In the present study, specific discrimination of chicken DNA contamination in processed foods using the polymerase chain reaction was investigated. The primer pair was designed to amplify a 102-bp fragment of the chicken mitochondrial 16S ribosomal RNA gene. While the DNA from chicken meat was amplified, the DNA from other poultry meat, mammalian meat, fish, shellfish, and cereals was not amplified. The primer amplified DNA fragments derived from model processed and nonprocessed food samples containing 0.001, 0.01, 0.1, 1, 10, and 100% chicken.
Food allergy is an adverse immunological reaction induced by consumption of allergenic ingredients in food products, and it can provoke various kinds of symptoms, including digestive disorders (emesis, diarrhea), respiratory symptoms (rhinitis, asthma), circulatory symptoms (edema, hypotension), and skin reactions (atopic dermatitis/eczema). The number of patients with food allergies, especially among younger children, has been increasing in developed countries in recent years. In Japan, the Ministry of Health, Labor, and Welfare enforced a labeling system for allergenic food material in April 2002, for the provision of information to consumers about allergenic ingredients in foods. Under this system, labeling of five food products (egg, milk, wheat, buckwheat, and peanuts) was made mandatory, due to large patient numbers, or critical nature of the symptoms, and was recommended for a further 20 foodstuffs. Chicken meat is one of the items included in these 20 foodstuffs.
Persons with chicken meat allergy also usually show allergic reactions to other poultry meats, such as dove, quail, goose, and turkey, 1, 2) but, a recent report indicated that IgE antibodies reacting with chicken meat extract did not react with turkey meat extract.
3) Hence, to investigate a contamination of food products by a poultry ingredient, it is necessary not only to detect trace amounts of the ingredient in various processed foods, but also to discriminate whether it is derived from chicken or other poultry. Furthermore, chicken meat contamination must be detected in food products that have undergone various processing procedures (baking, frying, boiling, etc.). To satisfy these demands, detection of chicken-specific DNA by PCR is a reasonable procedure. In any given sample, mitochondrial DNA is generally more abundant than nuclear DNA, indicating its suitability for the detection of trace amounts of the analyte in a sample. 4, 5) In addition, it has a relatively high mutation rate as compared to nuclear DNA, enough to allow discrimination of even closely related species. 6, 7) Therefore, the mitochondrial-encoded gene for 16S ribosomal RNA (rRNA) was selected in this study for chicken-specific DNA identification. Additionally, Murray et al. 8) reported that relatively long range amplification (170 to 473 bp) of the maize G3PD (glyceraldehyde-3-phosphate dehydrogenase) gene decreased when samples were boiled for 60 min. Hence, we designed a PCR primer set to amplify 102 bp of chicken 16S rRNA gene.
Four chicken meats (chicken broiler, gamecock, and two local Japanese chicken breeds, Nagoya cochin and Hinai-jidori), other poultry meats (duck, turkey, and quail), mammalian meats (cattle, pig, and sheep), fish (flatfish, salmon, bream, and cod), shellfish (clam and short-neck clam), and cereals (corn, broad bean, and green peas) were purchased from a local market. Commercially available processed foods that contained chicken meat (canned foods, granulated soup, French fries, and retort curry) were also purchased from a local market. All food materials were homogenized using a food processor (Millcer; IFM-700G, Iwatani, Tokyo) and the homogenized samples were subjected to DNA extraction and PCR amplification.
Model processed foods were prepared as described previously, with minor modifications. 9) Pork and chicken meats were minced in a food processor at high speed y To whom correspondence should be addressed. Tel: +81-29-847-7817; Fax: +81-29-847-7824; E-mail: t.fujimura@nipponham.co.jp for 5 min. To remove the fat, the minced meat was vigorously shaken for 2 min with 2 volumes of acetone, and the procedure was repeated twice. The defatted meat was freeze-dried for 72 h using the FDU-2100 freeze dryer (Tokyo Rikakikai, Tokyo), and then reground in the grinder to prepare fine defatted meat powder. The protein content in the powder was confirmed using a bicinchoninic acid protein assay kit (Pierce, Rockford, IL) according to the manufacturer's instructions. To prepare model processed foods, 100, 10, 1, 0.1, 0.01, 0.001, 0.0001, and 0% of the chicken meat powder was mixed with pork meat powder. Thereafter, 10 g of the mixed powder was mixed with 15 ml of 1 M KCl solution to prepare homogenous dough that was used in processing. The dough specimens were then placed in six tubes at the same volume (2 g), and processed according to the conditions described follows: Autoclaving, autoclaved for 15 min at 120 C under a pressure of 0.1 MPa using an autoclave sterilizer (Tomy, Tokyo). Boiling, boiled for 10 min at 100 C. All the dough samples were homogenized with a glass homogenizer and subjected to DNA extraction and PCR amplification to detect trace amounts of chicken DNA.
Genomic DNA was extracted with an anion exchange-type kit (Genomic-tip 20/G, Qiagen, Hilden, Germany) and a Genomic DNA buffer set (Qiagen), as previously described.
9) The eluted solution was subjected to ethanol precipitation and then dissolved in TE buffer (10 mM Tris-HCl, 1 mM EDTA, pH 8.0).
The chicken DNA-specific oligonucleotide primer pairs were designed for the amplification of a fragment of the 16S rRNA gene (Fig. 1) , based on multiple 0 -AAGTTTACGCCGTAGGAGGATAGGTT-3 0 . As a positive control, a eukaryote-specific primer pair to amplify a 137-bp fragment of nuclear 18S ribosomal RNA gene was used.
10) The PCR amplification reactions were carried out in a total volume of 25 ml. Each reaction mixture contained 50 ng of template DNA, 10 pmol of 5 0 and 3 0 primers, 200 mM of each dNTP, 1.5 mM MgCl 2 and 1 unit of AmpliTaq Gold DNA polymerase in PCR buffer II (Applied Biosystems, Foster City, CA).
The PCR reaction was carried out in a thermal cycler (i-Cycler; Bio-Rad, Hercules, CA), programmed to perform the denaturation step at 95 C for 3 min, followed by 38 cycles at 95 C for 30 s for denaturation, 69 C for 30 s for primer annealing, and 72 C for 30 s for extension. A final extension step was performed at 72 C for 7 min. PCR products were electrophoresed on a 2% agarose gel containing 1 mg/ml ethidium bromide in Tris-acetate buffer (40 mM Tris-acetate and 1 mM EDTA, pH 8.0) for 25 min at 100 V. The resulting DNA fragments were visualized by UV transillumination and photographed on black and white film.
PCR amplification was observed only in chicken meat (chicken broiler, gamecock, Nagoya cochin, and Hinai-jidori) and egg powder, and was not observed in the other edible meat species (quail, duck, turkey, pig, cattle, and sheep), fish (flatfish, salmon, bream, and cod), shellfish (clam and short-neck clam), or cereals (corn, broad bean, and green peas), although amplification was observed in all samples with the eukaryote-specific primer set ( Fig. 2A and B) . Not surprisingly, egg DNA was amplified with a chicken-specific primer set. Because only very small amounts of DNA were extracted from egg powder, PCR amplification of egg DNA might be observed only when large amounts of egg ingredients contaminate food products. Hence, it was assumed that this result (PCR-positive in egg) does not affect the purpose of this study.
To assess the sensitivity of the proposed PCR method in model processed foods, admixtures of chicken powder with pork powder (containing of 100%, 10%, 1%, 0.1%, 0.01%, 0.001%, 0.0001%, and 0% protein content level) were prepared and boiled for 20 min at 100 C, autoclaved at 120 C for 20 min, or left untreated. DNA was extracted from the processed admixtures and amplified by PCR. Specific bands were detected in all the treated admixtures including those containing as little as 0.001% (10 ppm) of the chicken component (Fig. 3A) . DNA was extracted from commercially available processed foods, including chicken (fried chicken, canned food, retort curry, and granulated soup) and amplified by PCR. Chicken-specific PCR amplification was observed in tests of fried chicken, canned food and retort curry, but not in those of granulated soups (Fig. 3B) . Granulated soups are made by drying the chicken extract after a chicken meat is boiled for a prolonged period, which limits the availability of DNA of sufficient length for amplification.
The present chicken-specific primer set not only allows distinction of quail from chicken DNA, but also has the advantage of allowing detection of DNA derived from retort foods, including chicken meat and fried chicken. It also allows detection of DNA in boiled and autoclaved samples containing as little as 10 ppm of the raw material. PCR analysis of mitochondorial DNA is not intended to detect food allergens directly, but, it can detect potentially allergenic ingredients comprehensive- 
